Introduction
Globally, cervical cancer is the fourth most commonly diagnosed cancer and fourth leading cause of cancer-related deaths among females. 1 Human papillomavirus (HPV) is a well-established risk factor for cervical cancer. In Lebanon, about 2.2% of the women in the general population are estimated to harbor cervical HPV infection at a certain time. The prevalence of HPV reached 4.9% among a cohort of Lebanese women aged 18-76 years (n=1,026) seeking routine gynecological care at a tertiary care center. 3, 4 Cervical cancer ranks as the 11th most frequent cancer among Lebanese women and the 6th most common cancer in women aged 15-44 years. 5 About 113 new cases are annually diagnosed. 5 With respect to mortality, 42 patients die from the disease annually, ranking it the 12th leading cause of female cancer deaths. 5 In 2009, the World Health Organization (WHO) recommended HPV vaccination in countries where cervical cancer has become a public health priority and the introduction of HPV vaccine is feasible and financially sustainable. 6 The primary target group in most of the countries recommended to promulgate HPV vaccination is young adolescent girls in the age group of 9-14 years. 7 However, this range can be extended according to the estimated age of the first sexual encounter. 7 Two HPV vaccines are currently available in Lebanon, Gardasil ® (Merck & Co., Whitehouse Station, NJ, USA) and Cervarix ® (GlaxoSmithKline Biologicals, Rixensart, Belgium). Both vaccines are prescribed and the choice depends on the physician and patient/guardian's preferences. In Lebanon, so far, there is no national adult vaccination program, and HPV vaccination is not endorsed by third-party payers. 8 The decision for HPV vaccination relies entirely on the young woman and/or her family.
In order to evaluate the current situation of HPV vaccination uptake in Lebanon, we conducted a survey among mothers or guardians having schoolgirls at an age of primary HPV vaccination. In this study, we assessed the mothers'/ guardians' awareness about genital warts, cervical cancer, and HPV vaccine. We also determined the rate of HPV vaccination among eligible schoolgirls and the possible barriers to this vaccination.
Methods
This is a cross-sectional survey conducted in a group of schools in Beirut, Lebanon from September 2016 to February 2017. Responders to our questionnaire were mothers or guardians of schoolgirls aged 9-18 years. In most countries, the primary target group for HPV vaccine is girls between 9 and 14 years. 7 However, the WHO still recommends a three-dose schedule for those aged $15 years, 7 taking into consideration the late sexual debut in certain conservative societies like ours.
9 Accordingly, in our society, girls aged 9-18 years still belong to the primary target group for HPV vaccination. If the biological mother was dead or unreachable, the guardian in charge of the schoolgirl was requested to answer the questionnaire. If the guardian was not a woman, he was excluded from the study to avoid guardian gender bias. In this study, we used the terms "mother" and "guardian" interchangeably. For each vaccine-eligible schoolgirl, a corresponding mother was included in the mothers' group. For example, if two girls were sisters, their mother was counted twice accordingly.
Investigators belonged to the Internal Medicine, Obstetrics/ Gynaecology, Paediatrics, and Pharmacy departments of Makassed General Hospital (MGH), a tertiary-care university hospital in Beirut, Lebanon. Lebanon is a relatively small country with a heterogeneous mixture of religions. This study was performed in 13 schools, most of which belonged to the Makassed Islamic Philanthropic Association. Because of the insufficient number of questionnaires completed by Makassed schools, we extended the survey to areas of geographical proximity and socioeconomic/religious equivalence, including Sidon city in the South Governorate of Lebanon and Iqlim El-Kharroub, situated in the Mount Lebanon Governorate.
A 23-item, self-administered, anonymous, pretested, structured questionnaire with closed-ended questions was used to obtain data. The creation of our questionnaire was based on previously validated and reliable tools from the literature, including the Cervical-Cancer-KnowledgePrevention-64 (CCKP-64) questionnaire, 10 adapted from the European Organization for Research and Treatment of Cancer (EORTC) Quality of Life Group guidelines for questionnaire development 11 and the Creencias-PapanicolaouCancer-28 (CPC-28) questionnaire, which used the Health Belief Model (HBM) as a framework. 10 We also adapted our questions from previous studies. [13] [14] [15] [16] [17] [18] Our tool was written in English and was approved by a multidisciplinary group including two infectious-diseases specialists (RM and IF), a gynecologist (MA), a pediatrician (MR), and two pharmacists (LA and DA). It was then translated to Arabic to be pilot tested on a convenience sample of 20 teachers aged between 25 and 40 years from one of the Makassed schools in Beirut to ensure clarity, appropriate wording, and ease of administration. Data of the pilot test were not included in this study.
The questionnaires along with the informed consent form were given to school administration officers who distributed 
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low hPV vaccine uptake among schoolgirls in lebanon: barriers and recommendations them to the girl students so that they take it home to their mothers. The mothers were requested to return the completed questionnaire via their child back to the school administration officers within 7 days.
Our questionnaire targeted the following information: 
informed consent
Consent forms written in Arabic were sent to mothers to be signed upon participation. During the data collection phase, names were omitted and only initials were included. At a later stage, a number was assigned to each of our participants to safeguard participant privacy.
statistical analysis
Based on the convenience, the sample size set for this study was 3,025. Data were analyzed using the Statistical Package for Social Sciences, version 21.0 (IBM Corporation, Armonk, NY, USA). A p-value of ,0.05 was accepted as statistically significant. Categorical variables were presented as number and percent, whereas continuous variables were presented as mean and standard deviation. Univariate analysis was performed using the chi-square test for comparing categorical variables, whereas continuous variables were compared using Student's t-test. Fisher's exact test was used to determine statistical significance in case of a small sample size when chi-square test could not be employed.
Results

Response rate of the questionnaire
A total of 3,025 questionnaires were distributed. The total response rate was 39.4% (1,193/3,025 forms). The majority of the questionnaires were distributed to intermediatefee schools (1,509/3,025 forms, 49.9%), followed by low-fee schools (860/3,025 forms, 28.4%), and then by high-fee schools (21.7%). Responders were mostly from intermediate-fee schools (661/1,193 forms, 55.4%) followed by low-fee schools (458/1,193, 38.4%), and least from highfee schools (74/1,193, 6.2%).
general information pertinent to participating mothers
The mean age of the responders was around 43±6 years with a mean marital age of 22±4 years. Most of them were Lebanese nationals (88%), and over 95% were Muslims. With respect to their education, 40% held a high school degree and 28% had a university degree. Only 23.4% of the participants were working mothers, of whom only 16.5% worked in the health care sector. With regard to the family income, 24% of the participants belonged to the moderate middle class, with a monthly income between 450 and 1,000 USD, followed by 21% of the upper middle class, with a monthly income between 1,000 and 2,000 USD (Table 1) . Mothers' awareness about genital warts, cervical cancer, and hPV vaccine Twenty-six percent of the mothers knew about genital warts, and 71.9% had already heard of cervical cancer and its complications. Only 34.2% of mothers who filled out the questionnaire knew about the vaccine (Table 1) .
Factors affecting hPV vaccine awareness
The rate of awareness regarding HPV vaccine in this study was found to be around 34.2% (Table 1) . It was directly affected by the mothers' marital age ( p,0.0001), level of education ( p,0.0001), and nationality as being Lebanese ( p,0.0001) ( Table 2 ). In addition, working mothers were more likely to have heard of the vaccine compared to nonworking mothers (52.7% vs 47.3%, p,0.0001), specifically those employed in the health care sector (89.1% vs 10.9%, p,0.0001). Moreover, mothers belonging to families with incomes above 2,000 USD were more likely to be aware about HPV vaccine than those belonging to families with lower incomes (p,0.0001) ( Table 2 ). Twenty-two percent of the mothers consulted a pediatrician who offered the HPV vaccine to their girls, and 97.7% of this subgroup were aware about the vaccine (Table 2) .
hPV vaccination rate
The vaccination rate of HPV in this study was only 2.5% of the vaccine-eligible category. Even though the rate of vaccination was statistically higher among those who were aware of both the cancer and the vaccine compared to those who were not, the rate of vaccination among those who knew did not exceed 7.4% ( p,0.0001) ( Table 3) .
Vaccine-related barriers
Among mothers of non-vaccinated girls, 14.4% attributed lack of vaccination to high cost, 2.9% of them did not vaccinate their girls because they thought the vaccine was ineffective, and 11.7% did not vaccinate because they were concerned about its safety (Table 3) .
Mothers' perception of their girls' sexual/ couple life
With respect to the mothers' perception about their girls' sexual activity and couple life (Table 3) , 87.8% of the mothers (939/1,070) expected their girls to be married between the ages of 20 and 25 years. The rate of HPV vaccination was directly related with the expected age of marriage (p=0.042). Mothers who expected their girls to be married at a younger age were less likely to vaccinate them. Three-fourths of the responders (875/1,168 participants) believed that the future young couple would always be monogamous; only 0.9% (10/1,175 participants) of the responders expected that their girls might have premarital sex, and 18.2% expected that the future son-in-law would possibly have had a premarital sexual experience. Despite the very few who had a permissive view of the sexual life of the young couple, the rate of 
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source of information about disease and vaccine
Sixty-six percent of mothers were informed about cervical cancer and HPV vaccine by their obstetricians, but only 3.2% of the girls got vaccinated. However, when the source of information came from pediatricians, the vaccination rate was higher (13.6%) than other sources such as from obstetricians (3.2%). The vaccination rate was nil when the source of information was the social media, educational audio-visual programs, or family ( p,0.0001) ( Table 3) .
Discussion
Choice of the interviewed population
The questioned population about HPV disease and the vaccine varies from one study to the other to include young 
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low hPV vaccine uptake among schoolgirls in lebanon: barriers and recommendations female adolescents, young women, and mothers. 9, [20] [21] [22] [23] In our study, we chose to have the mothers answer the questionnaire, because in Lebanon, the medical decisions for this age group are mostly taken by the parents, especially, the mothers.
Response rate
In this study, the response rate of mothers who responded to our questionnaire was 39.4%, with no direct interference from the researchers or the schools' teachers/administrators. Similar to our findings, in a cross-sectional, internet-based survey assessing behavioral perceptions of catch-up HPV vaccination among female college students attending a private academic institution in Lebanon, the reported response rate was found to be 42%. 8 This is usually what one would expect of a response rate in a non-face-to-face setting. 24 Reviewing response rates to paper-based and online-based surveys concluded that non-face-to-face surveys of both types generally yielded low response rates not exceeding 33.3%. 24 Unlikely, face-to-face surveys could generate much higher response rates that may reach up to 80% due to the direct interaction between the investigators and the interviewed population%. 24 Mothers' awareness about cervical cancer, its relation to hPV, and the vaccine In our population, 71.9% of the mothers were aware about cervical cancer. Knowledge about cervical cancer significantly affected both the rate of vaccination (3.5% vs 0%) and awareness about vaccine (47.1% vs 1.2%) ( p,0.0001). Lack of knowledge about vaccines and vaccine-preventable diseases in key role players, such as parents, is a major challenge that hinders optimal vaccine uptake by adolescents. A Moroccan study, assessing awareness of HPV and its vaccine among parents with at least one unmarried daughter with an age of 26 years and less showed that none of the interviewed parents had their daughter(s) vaccinated. 21 The Moroccan experience confirms this idea when 97% of the parents did not have sufficient information about the vaccine, which probably explains the lack of vaccination among the concerned group. 21 Consequently, awareness campaigns about the disease and its prevention targeting mothers of girls who are eligible for the vaccine would be recommended to improve vaccine uptake among HPV vaccine-eligible girls.
Factors affecting mothers' awareness about hPV vaccine
In our series, the awareness about HPV vaccine reached 34.2%. We observed that as the mother's marital age increased, so did her awareness about the vaccine ( p,0.0001) . Furthermore, working mothers, specifically in the health care sector and those who belonged to families with a high income positively affected awareness ( p,0.0001). Being a health care employee was a factor for improved awareness based on results from a cross-sectional Iraqi study evaluating the knowledge about HPV and cervical cancer among female college students and female health care workers. 25 Thus, we conclude that awareness efforts in Lebanon, and similarly in Iraq, are missing a sector of housewives and mothers who are not in the workforce. Consequently, we recommend targeting this group in any awareness campaign.
Rate of hPV vaccine uptake
The rate of primary HPV vaccination among schoolgirls in this study was 2.5%. A higher rate of HPV vaccination (17%) was observed in the formerly mentioned Lebanese survey involving college students attending an academic institution with expensive fees, which reflects a difference in vaccine uptake in the same country among different socioeconomic classes. 9 However, similar to our results, a low vaccination rate (1.4%) was observed among girls aged 9-24 years attending the adolescent unit at a tertiary care medical center in Ankara, Turkey. 20 
Factors hindering hPV vaccination
In this study, we identified several potential barriers to HPV vaccination. They were as follows: the mothers' conservatism toward their girls' sexual life, lack of awareness about the vaccine, concerns about the vaccine's safety and to a lesser extent its efficacy, the source of information about cervical cancer and the vaccine, in addition to the relatively high price of the vaccine.
First, most of the chosen schools belonged to an Islamic organization, known to be conservative but not extremist. The majority of our mothers denied the possibility of their girl's or their future son-in-law's having premarital sexual affairs. In many societies, cultural and conservative religious norms largely affect HPV vaccine acceptability. This has been proven in a British cross-sectional study that evaluated predictors of interest in HPV vaccine among female adolescents (16-19 years) . 22 Their results have shown that religion remained a significant factor affecting acceptability, with girls from Muslim or Hindu/Sikh backgrounds less likely to accept vaccination. 22 In such conservative communities, parents were concerned that these vaccines could represent "a license to have premarital sex." In parallel, Gordon et al qualitatively assessed attitudes toward HPV vaccination in the British Jewish community. 23 Mothers were convinced that their girls' conservative lifestyle protected them from acquiring cervical cancer, and this had played a role in their decision to decline vaccination. 23 Instead, in the aforementioned Lebanese study, when college students who belonged to a less conservative social class were questioned about their sexual life, 62% believed that they had a good chance of contracting HPV later in life, 9 and this group had a higher rate of HPV vaccination than our group of students. Thus, belonging to a conservative ethnic, religious group, or social class could be a barrier to HPV vaccination. Therefore, this fact should be taken into consideration when planning a vaccination campaign in such strict societies, where the message should shed light on the complexity of sexual life in spite of social or religious beliefs.
Second, although awareness about the disease and its vaccine did make a statistically significant difference in the rate of vaccine uptake in our studied group ( p,0.0001), it was very low among the proportion that knew about the vaccine (7.4%) or the disease (3.5%).
Third, our results showed that 11.7% of the mothers with non-vaccinated girls were concerned about its adverse effects and 2.9% of the same group thought that it was ineffective. In the Moroccan cohort, 21 parents were equally concerned about the vaccine's efficacy and safety: 25% thought that the vaccine did not provide full protection, 50% thought that the vaccine was new and they preferred to wait a while, and 51% were concerned about its side effects. Accordingly, data confirming the safety and efficacy of HPV vaccine must be included in awareness campaigns.
Fourth, our findings showed that the source providing mothers with information about HPV, cervical cancer, and the link between the two from one side, in addition to the method of prevention through vaccination from another side significantly contributed to the low rate of vaccination among their girls. Pediatricians' messages to mothers concerning cervical cancer and HPV vaccine led to a significantly higher rate of vaccine uptake (13.6%) in comparison with obstetricians' messages (3.2%) ( p,0.0001). This might be due to the common practice of childhood vaccination that usually takes place in pediatric clinics and not in obstetricians' clinics. Furthermore, the focus of the pediatricians' visit is normally the girl. While, the focus of the obstetricians' visit is generally the mother, and the girl remains a virtual patient. Studies in human communication have shown that how health messages that are framed plays a major role in response and advice uptake. 26 According to a systematic review of the literature by Kessels et al studying factors associated with HPV vaccine uptake in teenage girls, the provider-initiated model, represented by careful and factual advice on vaccination to adolescents and their parents by health care providers, will result in more willingness to be vaccinated in developing countries. 27 Finally, the price of the vaccine was another major constraint. In Lebanon, the government subsidizes most of the childhood vaccines included in the national vaccination program; adolescent and adult vaccines, however, are purchased out of pocket. Our results show that 14.4% of the mothers did not vaccinate their girls due to its high cost. The majority of the families included in this study were of the middle class, with a monthly income ranging from 450 USD to 2,000 USD. In Lebanon, the public price of a three-dose course is 210 USD for Cervarix ® (GlaxoSmithKline Biologicals, Rixensart, Belgium) and 465 USD for Gardasil ® (Merck & Co., Whitehouse Station, NJ, USA). Thus, this value would render the vaccination unaffordable to most of the population considered in this study. Upon comparing our results to the Moroccan experience, 60% of the parents did not accept the vaccine because it was very expensive, taking into consideration that the majority came from a low economic class. 21 Similarly, among Lebanese college students, 49% of the participants confirmed that the vaccine was unaffordable, despite a minority (14%) belonging to a middle-low and low economic class. 9 Even in other wealthy Middle Eastern countries such as the Kingdom of Saudi Arabia, where the price should not constitute an obstacle to vaccine's acceptability, a cross-sectional study involving female students at health colleges in Riyadh responding to a self-administrated questionnaire revealed that 80% of the participants thought that an affordable price of vaccine should not exceed 80 USD/ vial. 28 It would be advisable to include adolescent vaccination in the national vaccination program. The government should be able to subsidize HPV vaccines or procure them at a reduced price instead, thus rendering them more affordable to all economic classes.
limitations and strengths
The results obtained in this study were limited by a response rate of 39.4%, which might have led to a social desirability bias. Our findings reflected the opinion of families with a limited income leading to another unintentional selection bias. However, this is the first study in Lebanon tackling HPV vaccination awareness among mothers who usually are the decision makers in adolescent vaccination. It also sheds the light on the fact that national vaccination programs should not be limited to pediatric vaccination.
Conclusion
The level of awareness about HPV vaccine in our studied population was 34.2%. Housewives and participants who were 
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low hPV vaccine uptake among schoolgirls in lebanon: barriers and recommendations married at a young age were not likely to be informed about cervical cancer, HPV, and its vaccine. The reported vaccination rate among vaccine-eligible schoolgirls was low. Barriers to HPV vaccination included the mothers' lack of awareness about cervical cancer and HPV vaccine; the uncertainty among them about the vaccine's safety and efficacy; their conservatism toward their girls' sexual life and denial of its complexity; in addition to the relatively high price of the vaccine and its absence from the national vaccination program.
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